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HIGH PERFORMANCE LOW COST MONOPOLE 
ANTENNA FOR WIRELESS APPLICATIONS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] Generally, the present invention relates to printed 
antennas used in combination With devices for Wireless data 
communication, and, more particularly, to a printed mono 
pole antenna and devices, such as WLAN devices, mobile 
phones and the like, requiring compact and ef?cient anten 
nas. 

[0003] 2. Description of the Related Art 

[0004] Currently great efforts are being made to develop 
Wireless data communication devices offering a high degree 
of reliability at loW cost. A key issue in this respect is the 
degree of integration With Which a corresponding transceiver 
device may be manufactured. While for many applications, 
such as direct broadcast satellite (DBS) receivers and 
WLAN devices, this is of great importance due to cost 
effectiveness, in other applications, such as mobile phones, 
mobile radio receivers and the like, loW poWer consumption 
is of primary concern. 

[0005] Presently, tWo major architectures for receiver 
devices are competing on the market, i.e., the so-called 
direct conversion architecture and the so-called super-het 
erodyne architecture. Due to the higher degree of integration 
and the potential for reduction of poWer consumption, the 
direct conversion architecture seems to have become the 
preferred topography compared to the super-heterodyne 
architecture. HoWever, the advantages achieved by improv 
ing the circuit technology may become effective, irrespec 
tive of the circuit architecture used, only to an extent as is 
determined by the characteristics of an antenna required in 
the high frequency module of the device, Wherein the siZe, 
the radiation characteristic and the involved production cost 
of the antenna are also essential criteria that have a great 
in?uence on the economic success of the Wireless data 
communication device. 

[0006] In a typical Wireless application, such as Wireless 
data communication system using a local area netWork 
(LAN), usually the relative locations of communicating 
devices may change Within a single communication session 
and/or from session to session. Hence, ef?cient methods and 
means have been developed to enhance reliability of the data 
transfer even for extremely varying environmental condi 
tions, such as in the ?eld of data communication With mobile 
phones. The overall performance of the Wireless devices is, 
hoWever, determined to a high degree by the properties of 
the antenna provided at the input/output side of the device. 
For instance, changing the orientation of a device may 
signi?cantly affect the relative orientation of the polariZation 
direction of the transmitter With respect to the receiver, 
Which may result in a signi?cant reduction of the ?eld 
strength received in the receiver’s antenna. For instance, 
changing the orientation of an initially horiZontally radiating 
dipole antenna into the vertical orientation may lead to a 
reduction of the voltage generated by a horiZontally oriented 
receiver antenna up to approximately 20 dB. Consequently, 
for non-stationary applications in the Wireless data commu 
nication system, a substantially isotropic radiation charac 
teristic, independent of the polariZation direction, is desir 
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able. On the other hand, With respect to portability and 
usability of the Wireless devices, it is generally desirable that 
antennas for Wireless data communication systems occupy 
as little volume Within the device as possible and to sub 
stantially avoid design modi?cations in the form of, for 
example, protruding portions and the like. Therefore, 
increasingly, antennas are provided, Which are printed onto 
a dielectric substrate and connected to the drive/receive 
circuitry, Wherein, in recent developments, the antenna is 
printed on a portion of the same substrate that also bears the 
system circuit. Although a moderately compact antenna 
design is achieved by conventional printed antennas, it turns 
out to be difficult to provide a highly isotropic characteristic 
of a dipole antenna When printed on a circuit board. 

[0007] Thus, great efforts are made to provide ef?cient and 
small printed antenna designs With a desired isotropic radia 
tion characteristic. Frequently, a monopole design is used for 
small volume devices, since the length of the resonant path 
of a monopole antenna requires only to be equal to a fourth 
of the Wavelength of interest compared to half of the 
Wavelength as is typically used for dipole antennas. The 
ground plane necessary for producing the mirror currents in 
a monopole architecture may often be provided Without 
consuming undue substrate area, thereby rendering the 
monopole antenna an attractive approach for small-siZed 
devices. In IEEE TRANSACTIONS ON ANTENNAS AND 
PROPAGATION, Vol. 51, No. 9, September 2003, a double 
T-shaped monopole antenna is described, Wherein the length 
of the resonant paths are selected to enable a dual band 
operation at 2.4 GHZ and 5.2 GHZ, respectively. HoWever, 
the radiation characteristic of the double T antenna With 
respect to applications requiring a high degree of isotropy is 
not discussed. 

[0008] Therefore, a need exists for a printed monopole 
antenna exhibiting high performance With respect to a 
desired spatially isotropic radiation characteristic While 
alloWing a loW cost and loW siZe design. 

SUMMARY OF THE INVENTION 

[0009] The folloWing presents a simpli?ed summary of the 
invention in order to provide a basic understanding of some 
aspects of the invention. This summary is not an exhaustive 
overvieW of the invention. It is not intended to identify key 
or critical elements of the invention or to delineate the scope 
of the invention. Its sole purpose is to present some concepts 
in a simpli?ed form as a prelude to the more detailed 
description that is discussed later. 

[0010] Generally, in one illustrative embodiment, the 
present invention is directed to a printed monopole antenna, 
a system of monopole antennae and data communication 
devices, Wherein an improved radiation characteristic is 
achieved While the substrate area occupied by the monopole 
antenna(e) of the present invention is reduced and/or 
adapted to the substrate shape, thereby providing an 
improved performance compared to conventional monopole 
designs. 
[0011] According to one illustrative embodiment of the 
present invention, a printed monopole antenna comprises a 
substrate having a ?rst surface and an opposed second 
surface and an elongated ?rst resonant portion formed on the 
?rst surface and de?ning a ?rst axis in a longitudinal 
direction. A second resonant portion is formed on the ?rst 
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surface and has a center piece de?ning a second axis. The 
second resonant portion further comprises ?rst and second 
elongated end pieces forming an angle With the second axis, 
Wherein the second resonant portion extends from the ?rst 
resonant portion, Whereby the second axis is positioned at an 
angle With the ?rst axis. The antenna further comprises a 
ground plane formed on the second surface. In one particular 
embodiment, an edge of each of the ?rst and second end 
pieces is substantially parallel to a respective edge of the 
substrate. 

[0012] According to another illustrative embodiment of 
the present invention, a printed monopole antenna system 
comprises a substrate having opposed surfaces. The system 
further includes a ?rst monopole antenna formed on one of 
the opposed surfaces and having a ?rst elongated resonant 
portion and a second resonant portion extending from the 
?rst elongated portion to form an angle With an axis extend 
ing along the longitudinal direction of the ?rst resonant 
portion, Wherein the second resonant portion is symmetric 
With respect to the axis. The system further comprises a 
second monopole antenna formed on one of the opposed 
surfaces having a second elongated portion de?ning a sec 
ond axis that forms an angle With the axis. Moreover, a ?rst 
ground plane is formed on the other one of the opposed 
surfaces on Which the ?rst monopole antenna is formed. 
Finally, a second ground plane is formed on the other one of 
the opposed surfaces on Which the second monopole antenna 
is formed. 

[0013] According to another illustrative embodiment of 
the present invention, a data communication device com 
prises a substrate having a ?rst surface and an opposed 
second surface. The device also comprises a ?rst printed 
monopole antenna comprising an elongated ?rst resonant 
portion formed on the ?rst surface and de?ning an axis in a 
longitudinal direction. The ?rst antenna further includes a 
second resonant portion formed on the ?rst surface and 
having a center piece de?ning a second axis. The center 
piece also comprises ?rst and second elongated end pieces 
forming an angle With the second axis, Wherein the second 
resonant portion extends from the ?rst resonant portion to 
form With the second axis an angle With the axis. The ?rst 
monopole antenna also comprises a ground plane formed on 
the second surface of the substrate. The data communication 
device further comprises a drive circuit formed on the 
substrate, Which is connected to the ?rst printed monopole 
antenna. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The invention may be understood by reference to 
the folloWing description taken in conjunction With the 
accompanying draWings, in Which like reference numerals 
identify like elements, and in Which: 

[0015] FIGS. 1a-1b schematically shoW various vieWs of 
a printed monopole antenna in accordance With an illustra 
tive embodiment of the present invention; and 

[0016] FIG. 2 schematically shoWs a data communication 
device including a monopole antenna system in accordance 
With further illustrative embodiments of the present inven 
tion. 

[0017] While the invention is susceptible to various modi 
?cations and alternative forms, speci?c embodiments 
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thereof have been shoWn by Way of example in the draWings 
and are herein described in detail. It should be understood, 
hoWever, that the description herein of speci?c embodiments 
is not intended to limit the invention to the particular forms 
disclosed, but on the contrary, the intention is to cover all 
modi?cations, equivalents, and alternatives falling Within 
the spirit and scope of the invention as de?ned by the 
appended claims. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0018] Illustrative embodiments of the invention are 
described beloW. In the interest of clarity, not all features of 
an actual implementation are described in this speci?cation. 
It Will of course be appreciated that in the development of 
any such actual embodiment, numerous implementation 
speci?c decisions must be made to achieve the developers’ 
speci?c goals, such as compliance With system-related and 
business-related constraints, Which Will vary from one 
implementation to another. Moreover, it Will be appreciated 
that such a development effort might be complex and 
time-consuming, but Would nevertheless be a routine under 
taking for those of ordinary skill in the art having the bene?t 
of this disclosure. 

[0019] The present invention Will noW be described With 
reference to the attached ?gures. Various structures, systems 
and devices are schematically depicted in the draWings for 
purposes of explanation only and so as to not obscure the 
present invention With details that are Well knoWn to those 
skilled in the art. Nevertheless, the attached draWings are 
included to describe and explain illustrative examples of the 
present invention. The Words and phrases used herein should 
be understood and interpreted to have a meaning consistent 
With the understanding of those Words and phrases by those 
skilled in the relevant art. No special de?nition of a term or 
phrase, i.e., a de?nition that is different from the ordinary 
and customary meaning as understood by those skilled in the 
art, is intended to be implied by consistent usage of the term 
or phrase herein. To the extent that a term or phrase is 
intended to have a special meaning, i.e., a meaning other 
than that understood by skilled artisans, such a special 
de?nition Will be expressly set forth in the speci?cation in a 
de?nitional manner that directly and unequivocally provides 
the special de?nition for the term or phrase. 

[0020] FIG. 1a schematically shoWs a top vieW of a 
printed monopole antenna 100 in accordance With one 
illustrative embodiment of the present invention. The 
antenna 100 comprises a substrate 101 having a ?rst surface 
102 and a second surface 103 that is located opposite to the 
?rst surface 102. The substrate 101 may represent any 
appropriate substrate, such as an FR4 substrate formed of 
glass ?ber epoxy resin, a substrate made of polyimide, and 
the like. A thickness of the substrate 101 may be selected in 
conformity With design requirements, and may be, for 
instance, in the range of 0.5-1.0 mm, for instance, 0.8 
mm:0.1 mm. In one particular embodiment, the substrate 
101 is made of epoxy resin With a relative permittivity of 
approximately 4.4. It should be noted that the substrate 101 
may have formed therein further layers including a conduc 
tive material, such as copper, to provide increased design 
?exibility in forming additional circuitry on the substrate 
101. 

[0021] The monopole antenna 100 further comprises a ?rst 
elongated portion 104 forming a ?rst resonant path of the 
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antenna. The ?rst elongated portion 104 de?nes an orienta 
tion of the antenna 100, for instance, by means of an axis 107 
extending along the longitudinal direction of the elongated 
portion 104. The antenna 100 further comprises a second 
resonant portion 110, including a center piece 108 and 
respective end pieces 109, Which are connected to the center 
piece 108. In one particular embodiment, the monopole 
antenna de?ned by the ?rst and second resonant portions 
104 and 110 is symmetric With respect to the axis 107. 

[0022] The antenna 100 further comprises a ground plane 
111 formed on the second surface 103, as is indicated by 
dashed lines in FIG. 1a. Moreover, a feed line 112 and a 
corresponding connector portion 113 are formed on the ?rst 
surface 102 to overlap With the ground plane 111, thereby 
de?ning the beginning of the ?rst resonant portion 104. 

[0023] FIG. 1b schematically shoWs a cross-section along 
the axis 107, Wherein the ground plane 111 formed on the 
second surface 103 overlaps With the feed line 112 and the 
connector portion 113. The conductive areas formed on the 
?rst and second surfaces 102, 103, such as the ?rst and 
second resonant portions 104, 110, the feed line and the 
connector portion 112, 113, as Well as the ground plane 111, 
may be formed of copper, Wherein a layer thickness may be 
17.5 pm, as is typically used in the fabrication of printed 
circuit boards. It should be appreciated, hoWever, that any 
other copper thickness may be used, as Well as other 
materials and compounds, such as silver, tin and the like. For 
instance, the conductive areas of the antenna 100 may be 
formed of silver, or surface portions of conductive areas, 
initially formed of copper, may be treated to receive a silver 
coating and the like. 

[0024] As previously discussed, a monopole antenna is 
typically designed to have a resonant length that substan 
tially corresponds to a quarter Wavelength of the frequency 
of interest. In the present example, the monopole antenna 
100 may be con?gured to preferably radiate in a frequency 
range With a center frequency of 1.2 GHZ. Hence, the 
Wavelength of the center frequency is approximately 240 
mm so that a total length of the ?rst and second resonant 
paths 104, 110 of approximately 60 mm is required. It should 
be appreciated, hoWever, that the monopole antenna 100 
may be readily adapted to any required frequency range, 
such as a range centered about 2.45 GHZ by correspondingly 
scaling the dimensions of the ?rst and second resonant 
portions 104, 110. Hence, in the present example, a length of 
the ?rst resonant portion 104, indicated as 106, may be 
selected to be approximately 22 mm, Whereas an effective 
length of the second resonant portion 110, that is, of the 
center piece 108 and the end pieces 109, may be selected to 
be approximately 40 mm. AWidth 105 of the ?rst resonant 
portion 104 may be selected to provide a Wide conductive 
line, thereby adjusting the bandWidth of the antenna 100 as 
required for the speci?ed application. For instance, the Width 
105, When selected to be approximately 8 mm, results in a 
bandWidth of approximately 500 MHZ de?ned for a return 
loss of the antenna 100 of 10 dB and less. It should be 
appreciated that the desired bandWidth may be readily 
adjusted by correspondingly varying the Width 105, the 
thickness of the conductive material, such as the copper, 
used for the ?rst and second resonant portions 104, 110, and 
by the design of the second resonant portion 110. In one 
particular embodiment, the center piece 108 of the second 
resonant portion 110 extends from the ?rst resonant portion 
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104 in a substantially perpendicular fashion, Whereas the 
end pieces 109 are connected to the center piece 108 under 
a de?ned angle With respect to a longitudinal axis 114 of the 
center piece 108. In one illustrative embodiment, the end 
pieces 109 are tapered and have an edge 115 that extends in 
a substantially parallel fashion With respect to edges 116 of 
the substrate 101. Consequently, as the basic design of the 
second resonant portion 110 assures for a radiation charac 
teristic of superior isotropy, at the same time a high spatial 
ef?ciency is achieved despite the relatively long Wavelength, 
in that the resonant portions 104 and 110 may be arranged 
at a corner region of the substrate 101, substantially Without 
Wasting substrate area that is noW available for further 
circuitry and the like. 

[0025] In some embodiments, the monopole antenna 100 
may comprise respective connector portions (not shoWn) to 
connect the antenna 100 to a high frequency circuitry by, for 
instance, a surface mounting process. Due to the reduced 
substrate area required for forming the ?rst and second 
resonant portions 104, 110, the antenna 100 may then be 
readily stacked on a corresponding circuit board, thereby 
providing the possibility for producing a plurality of differ 
ent monopole antennae that are designed for a variety of 
different center frequencies. In particular, since the mono 
pole antenna 100 as shoWn in FIGS. 1a and 1b does not 
require any contact vias, the manufacturing process is sim 
pli?ed and may be accomplished at loW cost. 

[0026] Atypical process ?oW for forming the antenna 100 
involves standard photolithography and etch techniques, 
thereby rendering the monopole antenna 100 preferable for 
a cost efficient mass production. 

[0027] With reference to FIG. 2, further illustrative 
embodiments of the present invention Will noW be described 
in more detail, Wherein a monopole antenna, such as the 
antenna 100, is used. 

[0028] In FIG. 2, a data communication device 200, for 
instance, a WLAN card for a computer, comprises a sub 
strate 201 having a ?rst surface 202 and a second surface 
203 opposed to the ?rst surface 202. A monopole antenna 
system 250 is formed on the substrate 201, Wherein the 
antenna system 250 may comprise a ?rst monopole antenna 
250a and a second monopole antenna 250b. At least one of 
the ?rst and second monopole antennae 250a, 250b has a 
con?guration as is described With reference to FIGS. 1a and 
1b. In one particular embodiment, the ?rst and second 
monopole antennae 250a, 250b have substantially the same 
con?guration and differ in their orientations, Which are 
indicated by an axis 207a and an axis 207b. In one illustra 
tive embodiment, the ?rst orientation represented by the axis 
207a is substantially orthogonal to the second orientation, 
represented by the axis 207b. In one embodiment, a ?rst 
resonant portion 204a and a second resonant portion 210a of 
the ?rst antenna 250a are formed on the ?rst surface 202 and 
a ?rst resonant portion 204b and a second resonant portion 
210b of the second antenna 250b are also formed on the ?rst 
surface 202. In other embodiments, the ?rst and second 
resonant portions of one of the ?rst and second antennae 
250a, 250b may be formed on the second surface 203 if such 
an arrangement is considered appropriate in vieW of manu 
facturing and/or design requirements. Furthermore, the 
antenna system 250 comprises respective ?rst and second 
ground planes 211a and 211b, Which are formed on a surface 
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that is opposite to the surface on Which the ?rst and second 
resonant portions of the corresponding antennae are formed. 

[0029] In one particular embodiment, the ?rst and second 
ground planes 211a, 211b are commonly formed on the 
second surface 203, thereby forming a continuous ground 
plane for the antenna system 250. Regarding the dimensions 
of the ?rst and/or second antennae, the same criteria apply 
as previously described With reference to FIG. 1a. In one 
embodiment, the con?guration and the dimensions of the 
?rst and second antennae 250a, 250b may be substantially 
identical, Wherein the different orientations 207a, 207b 
provide for an enhanced isotropic radiation characteristic 
When compared to the single antenna 100 of FIG. 1a. In 
other embodiments, for instance, the second antenna 250b 
may differ in dimensions from the ?rst antenna 250a, 
Wherein the dimensions of the second antenna may be 
selected to cover a frequency range that differs from that of 
the ?rst antenna 250a. Since both antennae exhibit a mod 
erately high isotropic radiation characteristic, a suf?cient 
operational behavior may be obtained for both frequency 
ranges despite the different orientations 207a, 207b, While at 
the same time a spatially highly efficient arrangement is 
achieved even if the frequencies involved are moderately 
loW, such as 1.2 GHZ and 2.45 GHZ. 

[0030] The data communication device 200 may further 
comprise a sWitching circuit 260, Which is connected With 
one side to corresponding feed lines 212a, 212b of the 
antenna system 250, and Which is connected to a drive/ 
receive circuit 270. Moreover, in one embodiment, a com 
parator circuit 280 may be provided, Which is connected to 
the feed lines 212a, 212b, and to the sWitching circuit 260. 
The comparator circuit 280 is con?gured to receive respec 
tive high frequency signals from the ?rst and second anten 
nae 250a, 250b, and to identify the magnitude of respective 
levels of these signals, or at least to recogniZe the signal 
having the higher level. The sWitching circuit 260 may be 
con?gured to selectively connect the drive/receive circuit 
270 to one of the feed lines 212a, 212b. 

[0031] During the operation of the data communication 
device 200, the signal levels on the feed lines 212a, 212b 
may be monitored continuously or on a regular basis by the 
comparator circuit 280, Which then supplies a result of the 
comparison to the sWitching circuit 260, Which may then 
select the feed line providing the higher signal level. Hence, 
the drive/receive circuit 270 may then be connected to the 
antenna that provides an enhanced signal level With respect 
to a remote device With Which a data communication line is 
established. Therefore, due to the different orientations 
207a, 207b, a highly reliable connection to a remote device 
may be established, irrespective of the relative orientation of 
the device 200 to the remote device, since the different 
orientation of the antennae 250a, 250b assures a high 
sensitivity for all directions, While the monopole design per 
se provides for a loW sensitivity to a change in polariZation 
of an incoming radiation. Additionally, the adaptation of the 
antenna design, especially When the ?rst and second anten 
nae 250a, 250b have substantially the same con?guration, to 
the substrate dimensions provides a superior performance at 
a reduced substrate area that is required for positioning the 
antenna system 250 Within the substrate 201. Hence, a 
common circuit layout may be designed for the electronic 
components forming the circuit 270, 260 and 280 and for the 
antenna system 250, thereby signi?cantly loWering manu 
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facturing costs. In other embodiments, individual antennae 
100, as shoWn in FIGS. 1a and 1b, may be individually 
manufactured at loW cost, and may then be attached to a 
circuit board, Wherein the orientation and dimensions of the 
individual antennae may be selected in accordance With 
device requirements. For example, tWo or more of the 
antennae as described With reference to FIGS. 1a and 1b 
may be mounted to a printed circuit board, preferably at 
corner portions thereof, to provide an enhanced isotropic 
radiation characteristic and/or for operation at tWo or more 
different frequency bands. Similarly, in one embodiment, a 
?rst antenna system, such as the system 250, may be formed 
on one side of a circuit board, Whereas a second antenna 
system, having the same con?guration as the system 250 but 
tuned to a different frequency range, may be formed on the 
other side of the circuit board or immediately adjacent to the 
?rst antenna system, Wherein the additional circuitry is also 
formed on the same substrate. In this Way, a dual band 
operation With excellent isotropic radiation characteristics 
may be accomplished even for moderately long Wavelength 
ranges, Wherein, due to the spatially highly ef?cient con 
?guration of the present invention, a minimum of substrate 
area is occupied by the monopole antenna systems. 

[0032] As a result, the present inventions provides a 
printed monopole antenna design that enables a high per 
formance at reduced substrate area, Wherein tWo or more 
individual antennae may be positioned in corner regions of 
a substrate. The different orientation obtained by the differ 
ent substrate positions of the tWo or more individual anten 
nae may even further increase the isotropic radiation char 
acteristic. 

[0033] The particular embodiments disclosed above are 
illustrative only, as the invention may be modi?ed and 
practiced in different but equivalent manners apparent to 
those skilled in the art having the bene?t of the teachings 
herein. For example, the process steps set forth above may 
be performed in a different order. Furthermore, no limita 
tions are intended to the details of construction or design 
herein shoWn, other than as described in the claims beloW. 
It is therefore evident that the particular embodiments dis 
closed above may be altered or modi?ed and all such 
variations are considered Within the scope and spirit of the 
invention. Accordingly, the protection sought herein is as set 
forth in the claims beloW. 

What is claimed: 
1. A printed monopole antenna, comprising: 

a substrate having a ?rst surface and an opposed second 
surface; 

an elongated ?rst resonant portion formed on said ?rst 
surface and de?ning a ?rst axis in a longitudinal 
direction; 

a second resonant portion formed on said ?rst surface and 
having a center piece, de?ning a second axis, and ?rst 
and second elongated end pieces forming an angle With 
said second axis, said second resonant portion extend 
ing from said ?rst resonant portion, Wherein said sec 
ond axis is positioned at an angle With said ?rst axis; 
and 

a ground plane formed on said second surface. 
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2. The printed monopole antenna of claim 1, Wherein said 
second resonant portion is symmetric With respect to said 
?rst axis. 

3. The printed monopole antenna of claim 2, Wherein an 
outer edge of said ?rst and second end pieces are substan 
tially parallel to respective edges of said substrate. 

4. The printed monopole antenna of claim 2, Wherein 
outer edges of said ?rst and second end pieces are oriented 
to each other in a substantially perpendicular fashion. 

5. The printed monopole antenna of claim 2, Wherein said 
second axis is substantially orthogonal to said ?rst axis. 

6. A printed monopole antenna system, comprising: 

a substrate having opposed surfaces; 

a ?rst monopole antenna formed on one of said opposed 
surfaces and having a ?rst elongated resonant portion 
and a second resonant portion extending from said ?rst 
elongated portion to form an angle With a ?rst axis 
extending along the longitudinal direction of said ?rst 
resonant portion, said second resonant portion being 
symmetric With respect to said ?rst axis; 

a second monopole antenna formed on one of said 
opposed surfaces having a second elongated portion 
de?ning a second axis that forms an angle With said ?rst 
axis; 

a ?rst ground plane formed on the other one of said 
opposed surfaces on Which said ?rst monopole antenna 
is formed; and 

a second ground plane formed on the other one of said 
opposed surfaces on Which said second monopole 
antenna is formed. 

7. The printed monopole antenna system of claim 6, 
Wherein said second monopole antenna is identical in con 
?guration to said ?rst monopole antenna. 

8. The printed monopole antenna system of claim 6, 
Wherein said second resonant portion comprises an elon 
gated center portion extending from said ?rst resonant 
portion, and ?rst and second end portions connected to said 
center portion, said ?rst and second end portions forming an 
angle With said center portion. 

9. The printed monopole antenna system of claim 8, 
Wherein an outer edge of said ?rst and second end portions 
are substantially orthogonal to each other. 

10. The printed monopole antenna system of claim 6, 
Wherein said ?rst and second ground planes form a continu 
ous conductive area. 

11. The printed monopole antenna system of claim 6, 
Wherein said ?rst ground plane has a ?rst edge that is 
substantially perpendicular to said axis of said ?rst mono 
pole antenna. 

12. The printed monopole antenna system of claim 11, 
Wherein said second ground plane has a second edge that is 
substantially perpendicular to said second axis of said sec 
ond monopole antenna. 

13. The printed monopole antenna system of claim 6, 
Wherein said ?rst axis is substantially perpendicular to said 
second axis. 

14. The printed monopole antenna system of claim 6, 
Wherein said ?rst and the second monopole antennas are 
formed on said ?rst surface. 
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15. The printed monopole antenna system of claim 8, 
Wherein said ?rst and second end portions are tapered. 

16. A data communication device, comprising: 

a substrate having a ?rst surface and an opposed second 
surface; 

a ?rst printed monopole antenna comprising: 

an elongated ?rst resonant portion formed on said ?rst 
surface and de?ning a ?rst axis in a longitudinal 
direction; 

a second resonant portion formed on said ?rst surface 
and having a center piece de?ning a second axis and 
?rst and second elongated end pieces forming an 
angle With said second axis, said second resonant 
portion extending from said ?rst resonant portion, 
Wherein said second axis is positioned at an angle 
With said ?rst axis; and 

a ground plane formed on said second surface; and 

a drive circuit formed on said substrate, said drive circuit 
being connected to said ?rst printed monopole antenna. 

17. The data communication device of claim 16, Wherein 
said second resonant portion is symmetric With respect to 
said ?rst axis. 

18. The data communication device of claim 16, Wherein 
an outer edge of said ?rst and second end pieces are 
substantially parallel to respective edges of said substrate. 

19. The data communication device of claim 17, Wherein 
outer edges of said ?rst and second end pieces are oriented 
to each other in a substantially perpendicular fashion. 

20. The data communication device of claim 16, Wherein 
said second axis is substantially orthogonal to said ?rst axis. 

21. The data communication device of claim 16, further 
comprising a second printed monopole antenna having a 
second orientation that differs from a ?rst orientation of said 
?rst monopole antenna. 

22. The data communication device of claim 21, Wherein 
said second monopole antenna is substantially identical in 
con?guration to said ?rst monopole antenna. 

23. The data communication device of claim 22, Wherein 
said ?rst orientation and said second orientation are sub 
stantially orthogonal to each other. 

24. The data communication device of claim 16, further 
comprising a comparator circuit connectable to said ?rst and 
second monopole antennas and con?gured to compare a ?rst 
signal level obtained from said ?rst monopole antenna With 
a second signal level obtained from said second monopole 
antenna. 

25. The data communication device of claim 24, further 
comprising a sWitching circuit connected to said ?rst and 
second monopole antennas, said comparator circuit and said 
drive circuit, said sWitching circuit being con?gured to 
selectively connect said ?rst or second monopole antennas 
to said drive circuit upon a result from said comparator 
circuit. 


